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What is claimed: 




A method of, in an animal, including a humSji, treating (i) diabetes or 



treating or ameliorating (ii) adverse sequelae of diabetes, (iii) kidney damage, (iv) 
damage to blood vasculature, atherosclerosis, peripheral vascular disease, coronary heart 
disease or heart failure, (v) hypertension, (vi) retinopathy, (vii) peripheral neuropathy, 
(viii) cataracts, (ix) osteoarthritis, (x) rheumatoid arthritis, (xi) Alzheimer's disease, (xii) 
damage to a tissue caused by contact with elevated levels of reducing sugars or (xiii) 
stroke, or (xiv) improving the elasticity or reducing wrinkles of the skin of an animal or 
(xv) increasing RBC deformability, comprising administering an effective amount of a 
compound of formula I or IA, 



wherein: 

a. J is oxygen, sulfur, or N-R d ; 

b. the carbon 2 to nitrogen bond is a double bond except when R c is oxo; 

c. the bond between carbons 4 and 5 is a single bond or a double bond; 

d. R a and R b are 

2. independently selected from hydrogen, acylamino, acyloxyalkyl, alkanoyl, 
alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, 
alkylamino, (Cl-C3)alkylenedioxy, allyl, amino, co- alkylenesulfonic acid, 
carbamoyl, carboxy, carboxyalkyl (which alkyl can be substituted with 
alkyloxyimino), cycloalkyl, dialkylamino, halo, hydroxy, (C2-C6)hydroxyalkyl, 
mercapto, nitro, sulfamoyl, sulfonic acid, alkylsulfonyl, alkylsulfinyl, alkylthio, 
trifluoromethyl, morpholin-4-yl, thiomorpholin-4-yl, piperidin-l-yl, piperazin-1- 
yl, Ar {wherein, consistent with the rules of aromaticity, Ar is C6 or Cio aryl or a 
5- or 6-membered heteroaryl ring, wherein the 6-membered heteroaryl ring 
contains one to three atoms of N 5 and the 5-membered heteroaryl ring contains 
from one to three atoms of N or one atom of O or S and zero to two atoms of N, 




or 
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each heteroaryl ring can be fused to a substituted benzene, pyridine, pyrimidine, 
pyridazine, or (l,2,3)triazine (wherein the ring fusion is at a carbon-carbon 
double bond of Ar)}, Ar-alkyl, ArO-, ArS0 2 -, ArSO-, ArS-, ArS0 2 NH-, ArNH, 
(N-Ar)(N-alkyl)N-, ArC(O)-, ArC(0)NH-, ArNH-C(O)-, and (N-Ar)(N-alkyl)N- 
C(O)-, or together Ri and R 2 comprise methylenedioxy-; or 

2. together with their ring carbons form a C6- or Cio- aryl fused ring; or 

3. together with their ring carbons form a C5-C7 fused cycloalkyl ring having up to 

two double bonds including a fused double bond of the containing group, which 
cycloalkyl ring can be substituted by one or more of the group consisting of alkyl, 
alkoxycarbonyl, amino, aminocarbonyl, carboxy, fluoro, or oxo; or 

4. together with their ring carbons form a fused 5- or 6-membered heteroaryl ring, 

wherein the 6-membered heteroaryl ring contains one to three atoms of N, and 
the 5-membered heteroaryl ring contains from one to three atoms of N or one 
atom of O or S and zero to two atoms of N; or 

5. together with their ring carbons form a fused five to eight membered second 

heterocycle, wherein the fused heterocycle consists of ring atoms selected from 
the group consisting of carbon, nitrogen, oxygen, sulfur, and S(0) n , wherein n is 
1 or 2; 

R d is alkyl, alkenyl, hydrogen, or Ar; 
R c is 

1. oxo (when A 2,3 is not present), or (when A 2,3 is present) hydrogen, alkyl, alkylthio, 

hydrogen, mercapto, amino, amino(Ci-C5)alkyl, amino(C6 or Cio)aryl, or wherein 
the amino of the last three groups can be substituted with 

(a) Ar, 

(b) Ar-Z-, Ar-alkyl-Z-, Ar-Z-alkyl, Ar-amino-Z-, Ar-aminoalkyl-Z-, or 
Ar-oxyalkyl-Z- , wherein Z is a carbonyl or -SO2- 

(c) formyl or alkanoyl, or 

(d) up to two alkyl, 

2. -NHC(0)(CH2) n -D-R e R f , wherein D is oxygen, sulfur or nitrogen, wherein where 

D is nitrogen n is 0,1 or 2, but when D is oxygen or sulfur n=l or 2, and R f is 

present only when D is nitrogen, 

wherein 
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(a) R e is 

(1) Ar, 

(2) a group of the formula 



R 9 



R r 



wherein E is sulfur, oxygen, or N-R 1 , and R 8 , R h and R' are 
independently the same as R a , R b and R d , respectively, 

(3) a C 3 -C 8 cycloalkyl ring having up to one double bond with the proviso 
that the carbon linking the cyloalkyl ring to D is saturated, which 

10 cycloalkyl ring can be substituted by one or more alkyl-, 

alkoxycarbonyl-, amino-, aminocarbonyl-, carboxy-, fluoro-, or oxo- 
substituents; 

(4) a 5- or 6-membered heteroaryl ring containing at least one and up to 
three atoms of N for the 6-membered heteroaryl rings and from one to 

15 three atoms of N or one atom of O or S and zero to two atoms of N for 

the 5-membered heteroaryl rings; 

(5) hydrogen, (C2-C6)hydroxyalkyl, alkanoylalkyl, alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkoxyimino), alkoxycarbonyl, a group Ar* which is 

20 C 6 - or Cio- aryl or a 5- or 6-membered, or 9- or 10-membered 

heteroaryl (wherein the heteroatom is one oxygen, one sulfur or one 
nitrogen) or Ar^-alkyl; and 
(b) R f is independently hydrogen, (C2-C6)hydroxyalkyl, alkanoylalkyl, alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
25 substituted with alkyloxyimino), alkoxycarbonyl, Ar*, or Ar*-alkyl; 

wherein aryl, Ar, or Ar* can be substituted with, in addition to any substitutions 

specifically noted one or more substituents selected from the group of acylamino, 
acyloxyalkyl, alkanoyl, alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, 
alkoxycarbonylalkyl, alkyl, alkylamino, (Cl-C3)alkylenedioxy, alkylsulfonyl, 
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alkylsulfinyl, co-alkylenesulfonic acid, alkylthio, allyl, amino, ArC(O)-, 
ArC(0)NH-, carboxy, carboxyalkyl, cycloalkyl, dialkylamino, halo, 
trifluoromethyl, hydroxy, (C2-C6)hydroxyalkyl, mercapto, nitro, ArO-, Ar- ? Ar- 
alkyl-, sulfamoyl, sulfonic acid, 1-pyrrolidinyl, 4-[C6 or C10]arylpiperazin-l-yl-, 
4-[C6 or C10]arylpiperidin-l-yl, azetidin-l-yl, morpholin-4-yl, thiomorpholin-4- 
yl, piperazin-l-yl, piperidin-l-yl; and 
heterocycles, except those of Ar and Ar*, can be substituted with in addition to any 

substitutions specifically noted one or more substituents selected from acylamino, 
alkanoyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, (CI to 
C3)alkylenedioxy, alkylamino, alkylsulfonyl, alkylsulfinyl, alkylthio, amino, 
ArC(O)-, ArO-, Ar-, Ar-alkyl, carboxy, dialkylamino, fluoro, fluoroalkyl, 
difluoroalkyl, hydroxy, mercapto, oxo, sulfamoyl, trifluoromethyl, 4-[C6 or 
C i o] ary lpiperidin- 1 -y 1 and 4- [C 6 or C i o] ary lpiperazin- 1 -y 1 ; 
or a pharmaceutically acceptable salt of said compounds, 

with the proviso that where the compound of formula I is administered to 
decrease intraocular pressure at least one compound of formula I administered in 
effective amount is not a thiazole substituted on a ring carbon sulfonamide (the amide of 
which can be substituted) that has carbonic anhydrase inhibiting activity. 

2. The method of claim 1, comprising administering an effective amount of 
a compound of the formula I, wherein the bond between carbons 4 and 5 is a single bond. 

3. The method of claim 1, comprising administering an effective amount of 
a compound of the formula I, wherein R c is amino, amino(Ci-C 5 )alkyl, or amino(C 6 or 
Cio)aryl, or wherein the amino of any of the three groups can be substituted with 

(a) Ar; 

(b) Ar-Z-, Ar-alkyl-Z-, Ar-Z-alkyl, Ar-amino-Z-, Ar-aminoalkyl-Z-, or 
Ar-oxyalkyl-Z- , wherein Z is a carbonyl or -SO2-; or 

(c) formyl or alkanoyl. 

4. The method of claim 1, comprising administering an effective amount of 
a compound of the formula I, wherein J is S or O, and R c is hydrogen, oxo, alkyl, amino, 
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amino(Ci-C5)alkyl or aminophenyl, wherein the amino of the latter three groups can be 
substituted with 

(a) Ar; 

(b) Ar-Z-, Ar-alkyl-Z-, Ar-Z-alkyl, Ar-amino-Z-, Ar-aminoalkyl-Z-, or 
5 Ar-oxyalkyl-Z- , wherein Z is a carbonyl or -SO2-; or 

(c) formyl or alkanoyl. 

5. The method of Claim 1 3 comprising administering an effective amount of 
a compound of the formula I, wherein J is S, and R c is hydrogen, oxo, alkyl, amino, 

10 amino(Ci-C5)alkyl or aminophenyl, wherein the amino of the latter three groups can be 
substituted with 

(a) Ar; 

(b) Ar-Z-, Ar-alkyl-Z-, Ar-Z-alkyl, Ar-amino-Z-, Ar-aminoalkyl-Z-, or 
Ar-oxyalkyl-Z- , wherein Z is a carbonyl or -SO2-; or 

1 5 (c) formyl or alkanoyl. 

6. The method of claim 1, comprising administering an effective amount of 
a compound of the formula I, wherein the compound is selected from the group 
consisting of thiazole, 2-amino-4-chlorobenzothiazole, 2,4,5-trimethylthiazole, 2-(3,5- 

20 dimethylphenoxy)-N-thiazol-2-yl)acetamide, 2-isobutylthiazole, 

(4-fIuorophenyl)thiazolin-2-ylamine, 2-furyl-N-[4-(6-methylbenzothiazol-2- 
yl)phenyl]carboxamide, and 5,5-dimethyl-2-(2-naphthylamino)-4,5,6- 
trihydrobenzothiazol-7-one. 

25 7. The method of claim 1, comprising administering an effective amount of 

a compound of the formula I, wherein 
d. R a and R b are 

1. independently selected from hydrogen, acylamino, alkanoyl, alkanoylalkyl, 
alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylamino, amino, co- 
30 alkylenesulfonic acid, carbamoyl, carboxy, carboxyalkyl (which alkyl can be 

substituted with alkyloxyimino), cycloalkyl, dialkylamino, halo, hydroxy, (C2- 
C6)hydroxyalkyl, mercapto, nitro, sulfamoyl, sulfonic acid, alkylsulfonyl, 
alkylsulfinyl, alkylthio, trifluoromethyl, morpholin-4-yl, thiomorpholin-4-yl, 



piperidin-l-yl, piperazin-l-yl, Ar -(wherein, consistent with the rules of 
aromaticity, Ar is C 6 or Cio aryl or a 5- or 6-membered heteroaryl ring, wherein 
the 6-membered heteroaryl ring contains one to three atoms of N, and the 5- 
membered heteroaryl ring contains from one to three atoms of N or one atom of 

0 or S and zero to two atoms of N, each heteroaryl ring can be fused to a 
substituted benzene, pyridine, pyrimidine, pyridazine, or (l,2,3)triazine (wherein 
the ring fusion is at a carbon-carbon double bond of Ar)}, Ar-alkyl, ArO-, 
ArS0 2 -, ArSO-, ArS-, ArS0 2 NH-, ArNH, (N-Ar)(N-alkyl)N-, ArC(O)-, 
ArC(0)NH-, ArNH-C(O)-, and (N-Ar)(N-alkyl)N-C(0)-; or 

2. together with their ring carbons form a Ct~ or Ci 0 - aryl fused ring; or 

3. together with their ring carbons form a C 5 -C 7 fused cycloalkyl ring having no 

double bonds except a fused double bond of the formula I or IA ring, which 
cycloalkyl ring can be substituted by one or more of the group consisting of alkyl, 
amino, aminocarbonyl, carboxy, fluoro, or oxo, where multiple substituents are 
located on different carbon atoms of the cycloalkyl ring, except in the case of 
alkyl and fluoro substituents, which can be located on the same or different 
carbon atoms; or 

4. together with their ring carbons form a fused 5- or 6-membered heteroaryl ring, 

wherein the 6-membered heteroaryl ring contains one to three atoms of N, and 
the 5-membered heteroaryl ring contains from one to three atoms of N or one 
atom of O or S and zero to two atoms of N; or 

5. together with their ring carbons form a fused five to six membered second 

heterocycle, wherein the fused heterocycle consists of ring atoms selected from 
the group consisting of carbon, nitrogen, oxygen, sulfur, and S(0) n , wherein n is 

1 or 2, 

wherein aryl, Ar, or Ar* can be substituted with, in addition to any substitutions 

specifically noted one or more substituents selected from the group of alkyl, 
amino, dialkylamino, 1-pyrrolidinyl, 4-[C6 or C10]arylpiperazin-l-yl, 4-[C6 or 
C10]arylpiperidin-l-yl, azetidin-l-yl, morpholin-4-yl, thiomorpholin-4-yl, 
piperazin-l-yl, piperidin-l-yl; and 

heterocycles, except those of Ar and Ar*, can be substituted with in addition to any 

substitutions specifically noted one or more substituents selected from acylamino, 
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alkanoyl, alkoxy, alkoxy carbonyl, alkoxycarbonylalkyl, alkyl, (CI to 
C3)alkylenedioxy, alkylamino, alkylsulfonyl, alkylsulfinyl, alkylthio, amino, 
ArC(O)-, ArO-, Ar-, Ar-alkyl, carboxy, dialkylamino, fluoro, fluoroalkyl, 
difluoroalkyl, hydroxy, mercapto, oxo, sulfamoyl, trifluoromethyl, 4-[C$ or 
5 Cio]arylpiperidin-l-yl and 4-[C6 or Cio]arylpiperazin-l -yl, wherein multiple 

substituents are located on different atoms of the heterocyclic ring, with the 
proviso that alkyl, alkoxycarbonyl, and fluoro substituents can be substituted on 
the same carbon atom of the heterocyclic ring. 



10 8. A method of, in an animal, including a human, treating (i) diabetes or 

treating or ameliorating (ii) adverse sequelae of diabetes, (iii) kidney damage, (iv) 
damage to blood vasculature, atherosclerosis, peripheral vascular disease, coronary heart 
disease or heart failure, (v) hypertension, (vi) retinopathy, (vii) peripheral neuropathy, 
(viii) cataracts, (ix) osteoarthritis, (x) rheumatoid arthritis, (xi) Alzheimer's disease, (xii) 

1 5 damage to a tissue caused by contact with elevated levels of reducing sugars or (xiii) 
stroke, or (xiv) improving the elasticity or reducing wrinkles of the skin of an animal or 
(xv) increasing RBC deformability, comprising administering an effective amount of a 
compound of formula III: 



20 



25 



wherein: 




III 



X is nitrogen or sulfur, provided that R is present only when X is nitrogen; 
the carbon 2 to nitrogen bond is a double bond except when R 3 is oxo; 
the bond between carbons 4 and 5 is a single bond or a double bond; 
R 1 and R 2 

are independently hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl, alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
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substituted with alkyloxyimino), alkoxycarbonyl, a group Ar which is 
(Ce-Cio) aryl or (C5-C9) heteroaryl (wherein the heteroatom is one 
oxygen, one sulfur or one nitrogen) or Ar-alkyl, or 
together with their ring carbons form a C6-C10 aromatic fused ring which can 
be substituted by one or more halo, amino, alkyl, sulfo, or sulfoalkyl, 
groups, or a C1-C3 alkylenedioxy group, with the proviso that when X is 
nitrogen R 1 and R 2 do not form a fused aromatic ring, or 
together with their ring carbons form a C5-C7 fused cycloalkyl or 

cycloalkenyl ring having up to two double bonds including a fused double 
bond of the thiazole radical, which aliphatic ring can be substituted by one 
or more amino, halo, alkyl, sulfo, sulfoalkyl, carboxy, carboxyalkyl, or 
oxo groups; 

R 4 is lower alkyl, lower alkenyl or Ar; and 

R 3 is 

(a) when X is S, R 3 is hydrogen, oxo, alkyl, amino, amino(Ci-C5)alkyl or 
aminophenyl, wherein the amino of the latter three groups can be 
substituted with: 

(i) Ar, 

(ii) Ar-carbonyl, Ar-alkanoyl, Ar-carbonylalkyl, Ar-aminocarbonyl 
Ar-aminoalkanoyl or Ar-oxyalkanoyl or 

(iii) formyl or alkanoyl, 

(b) -NHC(0)(CH 2 ) n -Y-R 5 R 6 , wherein Y is oxygen, sulfur or nitrogen, n is 0 
or 1, but n=l when Y is oxygen or sulfur, and R 6 is present only when Y 
is nitrogen, 

wherein R 5 is 

(i) Ar, 

(ii) a group of the formula 




R 9 
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wherein R 7 , R 8 and R 9 are independently the same as R 1 , R 2 and 
R 4 , Z is sulfur or nitrogen, R 9 is present only when Z is nitrogen; 

(iii) a C3-C8 cycloalkyl or cycloalkenyl ring having up to one double 
bond , which aliphatic ring can be substituted by one or more 

5 amino, halo, alkyl, sulfo, sulfoalkyl, carboxy, carboxyalkyl, or 

oxo groups; 

(iv) a 3 to 8-membered heterocyclic ring wherein the heteroatom is 
one oxygen, one sulfur or one nitrogen, which heterocyclic ring 
can be substituted by one or more amino, halo, alkyl, sulfo, 

10 sulfoalkyl, carboxy, carboxyalkyl, or oxo groups, 

(iv) hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl, alkyl, 

alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkyloxyimino), alkoxycarbonyl, a group Ar 
which is (C6-C10) aryl or (C5-C9) heteroaryl (wherein the 

1 5 heteroatom is one oxygen, one sulfur or one nitrogen) or Ar- 

alkyl, 

and R 6 is independently hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl, 
alkyl, alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkyloxyimino), alkoxycarbonyl, a group Ar which is 
20 (C6-C10) aryl or (C5-C9) heteroaryl (wherein the heteroatom is one 

oxygen, one sulfur or one nitrogen) or Ar-alkyl; 
wherein each group Ar can be substituted by one or more halo, amino, alkyl, alkoxy, 
alkoxycarbonyl, sulfo, or sulfoalkyl, groups, or a C1-C3 alkylenedioxy group, 
or a pharmaceutically acceptable salt of said compounds. 



25 



9. The method of claim 8, comprising administering an amount effective 
therefor of one or more compounds of the following formula: 
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10. The method of claim 8, comprising administering an amount effective 
therefor of one or more compounds of the following formula: 

R 1 



wherein R 1 , R 2 and R 3 are defined in claim 1 . 

1 1 . The method of claim 8, comprising administering an amount effective 
10 therefor of one or more compounds of formula III, wherein each Ar or cycloalkyl group 

is substituted with up to two substituents. 

12. A method of, in an animal, including a human, reducing tissue damage 
caused by dialysis, comprising, in peritoneal dialysis, administering with a dialysis 

1 5 composition an effective amount of a compound of formula I or IA, or, in hemodialysis, 
providing in an exchange fluid an effective amount of a compound of formula I or I A, 
wherein compounds of formula I or IA are as follows: 



5 




VI 




or 



20 



wherein: 

a. J is oxygen, sulfur, or N-R d ; 

b. the carbon 2 to nitrogen bond is a double bond except when R c is oxo; 

c. the bond between carbons 4 and 5 is a single bond or a double bond; 

d. R a and R b are 
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3. independently selected from hydrogen, acylamino, acyloxyalkyl, alkanoyl, 
alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, alkoxy carbonylalkyl, alkyl, 
alkylamino, (Cl-C3)alkylenedioxy 5 allyl, amino, co- alkylenesulfonic acid, 
carbamoyl, carboxy, carboxyalkyl (which alkyl can be substituted with 
alkyloxyimino), cycloalkyl, dialkylamino, halo, hydroxy, (C2-C6)hydroxyalkyl, 
mercapto, nitro, sulfamoyl, sulfonic acid, alkylsulfonyl, alkylsulfinyl, alkylthio, 
trifluoromethyl, morpholin-4-yl, thiomorpholin-4-yl, piperidin-l-yl, piperazin-1- 
yl, Ar -(wherein, consistent with the rules of aromaticity, Ar is Ce or Cjo aryl or a 
5- or 6-membered heteroaryl ring, wherein the 6-membered heteroaryl ring 
contains one to three atoms of N, and the 5-membered heteroaryl ring contains 
from one to three atoms of N or one atom of O or S and zero to two atoms of N, 
each heteroaryl ring can be fused to a substituted benzene, pyridine, pyrimidine, 
pyridazine, or (l,2,3)triazine (wherein the ring fusion is at a carbon-carbon 
double bond of Ar)> 9 Ar-alkyl, ArO, ArS0 2 - 5 ArSO-, ArS-, ArS0 2 NH- ? ArNH, 
(N-Ar)(N-aIkyl)N-, ArC(O)-, ArC(0)NH-, ArNH-C(O)-, and (N-Ar)(N-alkyl)N- 
C(O)-, or together Ri and R 2 comprise methylenedioxy-; or 

2. together with their ring carbons form a C$- or Cio- aryl fused ring; or 

3. together with their ring carbons form a C5-C7 fused cycloalkyl ring having up to 

two double bonds including a fused double bond of the containing group, which 
cycloalkyl ring can be substituted by one or more of the group consisting of alkyl, 
alkoxycarbonyl, amino, aminocarbonyl, carboxy, fluoro, or oxo; or 

4. together with their ring carbons form a fused 5- or 6-membered heteroaryl ring, 

wherein the 6-membered heteroaryl ring contains one to three atoms of N, and 
the 5-membered heteroaryl ring contains from one to three atoms of N or one 
atom of O or S and zero to two atoms of N; or 

5. together with their ring carbons form a fused five to eight membered second 

heterocycle, wherein the fused heterocycle consists of ring atoms selected from 
the group consisting of carbon, nitrogen, oxygen, sulfur, and S(0) n , wherein n is 
1 or 2; 

R d is alkyl, alkenyl, hydrogen, or Ar; 
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oxo (when A 2,3 is not present), or (when A 2 ' 3 is present) hydrogen, alkyl, alkylthio, 
hydrogen, mercapto, amino, amino(Ci-C5)alkyl, amino(C6 or Cio)aryl, or wherein 
the amino of the last three groups can be substituted with 

(a) Ar, 

(b) Ar-Z-, Ar-alkyl-Z-, Ar-Z-alkyl 5 Ar-amino-Z-, Ar-aminoalkyl-Z-, or 
Ar-oxyalkyl-Z- , wherein Z is a carbonyl or -SO2- 

(c) formyl or alkanoyl,, or 

(d) up to two alkyl, 

-NHC(0)(CH2) n -D-R e R f > wherein D is oxygen, sulfur or nitrogen, wherein where 
D is nitrogen n is 0,1 or 2, but when D is oxygen or sulfur n=l or 2, and R f is 
present only when D is nitrogen, 
wherein 
(a) R e is 

(1) Ar, 

(2) a group of the formula 




wherein E is sulfur, oxygen, or N-R' , and R g , R h and R' are 
independently the same as R a , R b and R d , respectively, 

(3) a C3-C8 cycloalkyl ring having up to one double bond with the proviso 
that the carbon linking the cyloalkyl ring to D is saturated, which 
cycloalkyl ring can be substituted by one or more alkyl-, 
alkoxycarbonyl-, amino-, aminocarbonyl-, carboxy-, fluoro-, or oxo- 
substituents; 

(4) a 5- or 6-membered heteroaryl ring containing at least one and up to 
three atoms of N for the 6-membered heteroaryl rings and from one to 
three atoms of N or one atom of O or S and zero to two atoms of N for 
the 5-membered heteroaryl rings; 
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(5) hydrogen, (C2-C6)hydroxyalkyl, alkanoylalkyl, alkyl, 

alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkoxyimino), alkoxycarbonyl, a group Ar* which is 
C 6 - or Cio- aryl or a 5- or 6-membered, or 9- or 10-membered 
5 heteroaryl (wherein the heteroatom is one oxygen, one sulfur or one 

nitrogen) or Ar*-alkyl; and 
(b) R f is independently hydrogen, (C2-C6)hydroxyalkyl, alkanoylalkyl, alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkyloxyimino), alkoxycarbonyl, Ar*, or Ar*-alkyl; 
10 wherein aryl, Ar, or Ar* can be substituted with, in addition to any substitutions 
f p{ specifically noted one or more substituents selected from the group of acylamino, 

^ acyloxyalkyl, alkanoyl, alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, 

p alkoxycarbonylalkyl, alkyl, alkylamino, (Cl-C3)alkylenedioxy, alkylsulfonyl, 

^ alkylsulfinyl, co-alkylenesulfonic acid, alkylthio, allyl, amino, ArC(O)-, 

H J 1 5 ArC(0)NH-, carboxy, carboxyalkyl, cycloalkyl, dialkylamino, halo, 

p trifluoromethyl, hydroxy, (C2-C6)hydroxyalkyl, mercapto, nitro, ArO-, Ar-, Ar- 

alkyl-, sulfamoyl, sulfonic acid, 1-pyrrolidinyl, 4-[C6 or C10]arylpiperazin-l-yl-, 
C* " 4-[C6 or C10]aiylpiperidin-l-yl, azetidin-l-yl, morpholin-4-yl, thiomorpholin-4- 

\2 y 1, piperazin- 1 -y 1, piperidin- 1 -y 1; and 

20 heterocycles, except those of Ar and Ar*, can be substituted with in addition to any 

substitutions specifically noted one or more substituents selected from acylamino, 
alkanoyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, (CI to 
C3)alkylenedioxy, alkylamino, alkylsulfonyl, alkylsulfinyl, alkylthio, amino, 
ArC(O)-, ArO-, Ar-, Ar-alkyl, carboxy, dialkylamino, fluoro, fluoroalkyl, 
25 difluoroalkyl, hydroxy, mercapto, oxo, sulfamoyl, trifluoromethyl, 4-[C 6 or 

Cio]arylpiperidin-l-yl and 4-[C 6 or Ci 0 ]arylpiperazin-l-yl; 
or a pharmaceutically acceptable salt of said compounds, 

with the proviso that where the compound of formula I is administered to 
decrease intraocular pressure at least one compound of formula I administered in 
30 effective amount is not a thiazole substituted on a ring carbon sulfonamide (the amide of 
which can be substituted) that has carbonic anhydrase inhibiting activity. 
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13. A method of, in an animal, including a human, reducing tissue damage 
caused by dialysis, comprising, in peritoneal dialysis, administering with a dialysis 
composition an effective amount of a compound of formula III, or, in hemodialysis, 
providing in an exchange fluid an effective amount of a compound of formula III, 
5 wherein compounds of formula III are as follows: 



III 



wherein: 

X is nitrogen or sulfur, provided that R 4 is present only when X is nitrogen; 
1 0 the carbon 2 to nitrogen bond is a double bond except when R 3 is oxo; 

the bond between carbons 4 and 5 is a single bond or a double bond; 
R 1 and R 2 

are independently hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl, alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
1 5 substituted with alkyloxyimino), alkoxycarbonyl, a group Ar which is 

(Ce-C\o) aryl or (C5-C9) heteroaryl (wherein the heteroatom is one 
oxygen, one sulfur or one nitrogen) or Ar-alkyl, or 
together with their ring carbons form a Ce-Cio aromatic fused ring which can 
be substituted by one or more halo, amino, alkyl, sulfo, or sulfoalkyl, 
20 groups, or a C1-C3 alkyl enedioxy group, with the proviso that when X is 

nitrogen R 1 and R 2 do not form a C6 fused aromatic ring, or 
together with their ring carbons form a C5-C7 fused cycloalkyl or 

cycloalkenyl ring having up to two double bonds including a fused double 
bond of the thiazole radical, which aliphatic ring can be substituted by one 
25 or more amino, halo, alkyl, sulfo, sulfoalkyl, carboxy, carboxyalkyl, or 

oxo groups; 
R 4 is lower alkyl, lower alkenyl or Ar; and 
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(a) when X is S s R is hydrogen, oxo, alkyl, amino, amino(Ci-C5)alkyl or 
aminophenyl, wherein the amino of the latter three groups can be 
substituted with: 

(i) Ar, 

(ii) Ar-carbonyl, Ar-alkanoyl, Ar-carbonylalkyl, Ar-aminocarbonyl 
Ar-aminoalkanoyl or Ar-oxyalkanoyl or 

(iii) formyl or alkanoyl, 

(b) -NHC(0)(CH 2 ) n -Y-R 5 R 6 , wherein Y is oxygen, sulfiir or nitrogen, n is 0 
or 1, but n=l when Y is oxygen or sulfur, and R 6 is present only when Y 
is nitrogen, 

wherein R 5 is 

(i) Ar, 

(ii) a group of the formula 




IV 



wherein R 7 , R 8 and R 9 are independently the same as R 1 , R 2 and 
R 4 , Z is sulfur or nitrogen, R 9 is present only when Z is nitrogen; 

(iii) a C3-C8 cycloalkyl or cycloalkenyl ring having up to one double 
bond , which aliphatic ring can be substituted by one or more 
amino, halo, alkyl, sulfo, sulfoalkyl, carboxy, carboxyalkyl, or 
oxo groups; 

(iv) a 3 to 8-membered heterocyclic ring wherein the heteroatom is 
one oxygen, one sulfur or one nitrogen, which heterocyclic ring 
can be substituted by one or more amino, halo, alkyl, sulfo, 
sulfoalkyl, carboxy, carboxyalkyl, or oxo groups, 

(iv) hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl, alkyl, 

alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkyloxyimino), alkoxycarbonyl, a group Ar 
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which is (C6-C10) aryl or (C5-C9) heteroaryl (wherein the 
heteroatom is one oxygen, one sulfur or one nitrogen) or Ar- 
alkyl, 

and R 6 is independently hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl, 
5 alkyl, alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 

substituted with alkyloxyimino), alkoxycarbonyl, a group Ar which is 
* (C6-C10) aryl or (C5-C9) heteroaryl (wherein the heteroatom is one 
oxygen, one sulfur or one nitrogen) or Ar-alkyl; 
wherein each group Ar can be substituted by one or more halo, amino, alkyl, alkoxy, 
10 alkoxycarbonyl, sulfo, or sulfoalkyl, groups, or a C1-C3 alkylenedioxy group, 
or a pharmaceutical^ acceptable salt of said compounds. 

14. A method of, in an animal, including a human, decreasing or ameliorating 
bone loss comprising administering an effective amount of a compound of formula I or 
15 IA: 




wherein: 

a. J is oxygen, sulfur, orN-R d ; 
20 b. the carbon 2 to nitrogen bond is a double bond except when R c is oxo; 

c. the bond between carbons 4 and 5 is a single bond or a double bond; 

d. R a and R b are 

4, independently selected from hydrogen, acylamino, acyloxyalkyl, alkanoyl, 
alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, 
25 alkylamino, (Cl-C3)alkylenedioxy, allyl, amino, co- alkylenesulfonic acid, 

carbamoyl, carboxy, carboxyalkyl (which alkyl can be substituted with 
alkyloxyimino), cycloalkyl, dialkylamino, halo, hydroxy, (C2-C6)hydroxyalkyl, 
mercapto, nitro, sulfamoyl, sulfonic acid, alkylsulfonyl, alkylsulfinyl, alkylthio, 
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trifluoromethyl, morpholin-4-yl, thiomorpholin-4-yl, piperidin-l-yl, piperazin-1- 
yl, Ar {wherein, consistent with the rules of aromaticity, Ar is or Qo aryl or a 
5- or 6-membered heteroaryl ring, wherein the 6-membered heteroaryl ring 
contains one to three atoms of N, and the 5-membered heteroaryl ring contains 
from one to three atoms of N or one atom of O or S and zero to two atoms of N, 
each heteroaryl ring can be fused to a substituted benzene, pyridine, pyrimidine, 
pyridazine, or (l,2,3)triazine (wherein the ring fusion is at a carbon-carbon 
double bond of Ar)}, Ar-alkyl, ArO-, ArS0 2 -, ArSO-, ArS-, ArS0 2 NH-, ArNH, 
(N-Ar)(N-alkyl)N-, ArC(O)-, ArC(0)NH-, ArNH-C(O)-, and (N-Ar)(N-alkyl)N- 
C(O)-, or together Ri and R 2 comprise methylenedioxy-; or 

2. together with their ring carbons form a C6- or Cio- aryl fused ring; or 

3. together with their ring carbons form a C5-C7 fused cycloalkyl ring having up to 

two double bonds including a fused double bond of the containing group, which 
cycloalkyl ring can be substituted by one or more of the group consisting of alkyl, 
alkoxycarbonyl, amino, aminocarbonyl, carboxy, fluoro, or oxo; or 

4. together with their ring carbons form a fused 5- or 6-membered heteroaryl ring, 

wherein the 6-membered heteroaryl ring contains one to three atoms of N, and 
the 5-membered heteroaryl ring contains from one to three atoms of N or one 
atom of O or S and zero to two atoms of N; or 

5. together with their ring carbons form a fused five to eight membered second 

heterocycle, wherein the fused heterocycle consists of ring atoms selected from 
the group consisting of carbon, nitrogen, oxygen, sulfur, and S(0) n , wherein n is 
1 or 2; 

b. R d is alkyl, alkenyl, hydrogen, or Ar; 

c. R c is 

1. oxo (when A 2,3 is not present), or (when A 2 ' 3 is present) hydrogen, alkyl, alkylthio, 
hydrogen, mercapto, amino, amino(Ci-C 5 )alkyl, amino(C6 or Cio)aryl, or wherein 
the amino of the last three groups can be substituted with 

(a) Ar, 

(b) Ar-Z-, Ar-alkyl-Z- 5 Ar-Z-alkyl, Ar-amino-Z-, Ar-aminoalkyl-Z-, or 
Ar-oxyalkyl-Z- , wherein Z is a carbonyl or -S0 2 - 

(c) formyl or alkanoyl, or 
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(d) up to two alkyl, 

-NHC(0)(CH2) n -D-R e R f , wherein D is oxygen, sulfur or nitrogen, wherein where 
D is nitrogen n is 0,1 or 2, but when D is oxygen or sulfur n=l or 2, and R is 
present only when D is nitrogen, 
wherein 
(a) R e is 

(1) Ar, 

(2) a group of the formula 




wherein E is sulfur, oxygen, or N-R' , and R s , R h and R 1 are 

independently the same as R a , R b and R d , respectively, 
a C3-Cg cycloalkyl ring having up to one double bond with the proviso 
that the carbon linking the cyloalkyl ring to D is saturated, which 
cycloalkyl ring can be substituted by one or more alkyl-, 
alkoxycarbonyl-, amino-, aminocarbonyl-, carboxy-, fluoro-, or oxo- 
substituents; 

a 5- or 6-membered heteroaryl ring containing at least one and up to 
three atoms of N for the 6-membered heteroaryl rings and from one to 
three atoms of N or one atom of O or S and zero to two atoms of N for 
the 5-membered heteroaryl rings; 
hydrogen, (C2-C6)hydroxyalkyl, alkanoylalkyl, alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkoxyimino), alkoxycarbonyl, a group Ar* which is 
C 6 - or Cio- aryl or a 5- or 6-membered, or 9- or 10-membered 
heteroaryl (wherein the heteroatom is one oxygen, one sulfur or one 
nitrogen) or Ar^-alkyl; and 



(3) 



(4) 



(5) 
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(b) R f is independently hydrogen, (C2-C6)hydroxyalkyI, alkanoylalkyl, alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkyloxyimino), alkoxycarbonyl, Ar*, or Ar*-alkyl; 
wherein aryl, Ar, or Ar* can be substituted with, in addition to any substitutions 

specifically not^d one or more substituents selected from the group of acylamino, 
acyloxyalkyl, alkanoyl, alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, 
alkoxycarbonylalkyl, alkyl, alkylamino, (Cl-C3)alkylenedioxy, alkylsulfonyl, 
alkylsulfinyl, oo-alkylenesulfonic acid, alkylthio, allyl, amino, ArC(O)-, 
ArC(0)NH-, carboxy, carboxyalkyl, cycloalkyl, dialkylamino, halo, 
trifluoromethyl, hydroxy, (C2-C6)hydroxyalkyl, mercapto, nitro, ArO-, Ar-, Ar- 
alkyl-, sulfamoyl, sulfonic acid, 1-pyrrolidinyl, 4-[C6 or C10]arylpiperazin-l-yl-, 
4-[C6 or C10]arylpiperidin-l-yl, azetidin-l-yl, morpholin-4-yl, thiomorpholin-4- 
yl, piperazin-l-yl, piperidin-l-yl; and 
heterocycles, except those of Ar and Ar*, can be substituted with in addition to any 

substitutions specifically noted one or more substituents selected from acylamino, 
alkanoyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, (CI to 
C3)alkylenedioxy, alkylamino, alkylsulfonyl, alkylsulfinyl, alkylthio, amino, 
ArC(O)-, ArO-, Ar-, Ar-alkyl, carboxy, dialkylamino, fluoro, fluoroalkyl, 
difluoroalkyl, hydroxy, mercapto, oxo, sulfamoyl, trifluoromethyl, 4-[Ce or 
Cio]arylpiperidin-l-yl and 4-[C6 or Cio]arylpiperazin-l-yl; 
or a pharmaceutically acceptable salt of said compounds, 

with the proviso that where the compound of formula I is administered to 
decrease intraocular pressure at least one compound of formula I administered in 
effective amount is not a thiazole substituted on a ring carbon sulfonamide (the amide of 
which can be substituted) that has carbonic anhydrase inhibiting activity. 

15. A method of, in an animal, including a human, decreasing or ameliorating 
bone loss comprising administering an effective amount of a compound of formula III: 
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III 



wherein: 

X is nitrogen or sulfur, provided that R 4 is present only when X is nitrogen; 
the carbon 2 to nitrogen bond is a double bond except when R is oxo; 
5 the bond between carbons 4 and 5 is a single bond or a double bond; 

R 1 and R 2 

are independently hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl, alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkyloxyimino), alkoxycarbonyl, a group Ar which is 
10 (Ce~C\o) aryl or (C5-C9) heteroaryl (wherein the heteroatom is one 

oxygen, one sulfur or one nitrogen) or Ar-alkyl, or 
together with their ring carbons form a C6-C10 aromatic fused ring which can 
be substituted by one or more halo, amino, alkyl, sulfo, or sulfoalkyl, 
groups, or a C1-C3 alkylenedioxy group, with the proviso that when X is 
1 5 nitrogen R 1 and R 2 do not form a C 6 fused aromatic ring, or 

together with their ring carbons form a C5-C7 fused cycloalkyl or 

cycloalkenyl ring having up to two double bonds including a fused double 
bond of the thiazole radical, which aliphatic ring can be substituted by one 
or more amino, halo, alkyl, sulfo, sulfoalkyl, carboxy, carboxyalkyl, or 
20 oxo groups; 

R 4 is lower alkyl, lower alkenyl or Ar; and 
R 3 is 

(a) when X is S, R 3 is hydrogen, oxo, alkyl, amino, amino(Ci-C5)alkyl or 
aminophenyl, wherein the amino of the latter three groups can be 
25 substituted with: 

(i)Ar, 
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(ii) Ar-carbonyl, Ar-alkanoyl, Ar-carbonylalkyl, Ar-aminocarbonyl 
Ar-aminoalkanoyl or Ar-oxyalkanoyl or 

(iii) formyl or alkanoyl, 

(b) -NHC(0)(CH 2 ) n -Y-R 5 R 6 , wherein Y is oxygen, sulfur or nitrogen, n is 0 
or 1 , but n=l when Y is oxygen or sulfur, and R 6 is present only when Y 
is nitrogen, 
wherein R 5 is 
(i) At, 



(ii) a group of the formula 



.R 



IV 



10 



15 



20 



25 



wherein R 7 , R 8 and R 9 are independently the same as R 1 , R 2 and 
R 4 , Z is sulfur or nitrogen, R 9 is present only when Z is nitrogen; 

(iii) a C 3 -C 8 cycloalkyl or cycloalkenyl ring having up to one double 
bond , which aliphatic ring can be substituted by one or more 
amino, halo, alkyl, sulfo, sulfoalkyl, carboxy, carboxyalkyl, or 
oxo groups; 

(iv) a 3 to 8-membered heterocyclic ring wherein the heteroatom is 
one oxygen, one sulfur or one nitrogen, which heterocyclic ring 
can be substituted by one or more amino, halo, alkyl, sulfo, 
sulfoalkyl, carboxy, carboxyalkyl, or oxo groups, 

(iv) hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl, alkyl, 

alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkyloxyimino), alkoxycarbonyl, a group Ar 
which is (C 6 -Cio) aryl or (C5-C9) heteroaryl (wherein the 
heteroatom is one oxygen, one sulfur or one nitrogen) or Ar- 
alkyl, 

and R 6 is independently hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl, 
alkyl, alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
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substituted with alkyloxyimino), alkoxycarbonyl, a group Ar which is 
(C6-C10) aryl or (C5-C9) heteroaryl (wherein the heteroatom is one 
oxygen, one sulfur or one nitrogen) or Ar-alkyl; 

wherein each group Ar can be substituted by one or more halo, amino, alkyl, alkoxy, 
5 alkoxycarbonyl, sulfo, or sulfoalkyl, groups, or a C1-C3 alkylenedioxy group, 

or a pharmaceutically acceptable salt of said compounds. 




16. A method of, in an animal, including a human, treating or ameliorating 
sickle cell disease comprising administering an effective amount of a compound of 
10 formula I or I A: 




wherein: 

a. J is oxygen, sulfur, or N-R d ; 
15 b. the carbon 2 to nitrogen bond is a double bond except when R c is oxo; 

c. the bond between carbons 4 and 5 is a single bond or a double bond; 

d, R a and R b are 

5. independently selected from hydrogen, acylamino, acyloxyalkyl, alkanoyl, 
alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, 

20 alkylamino, (Cl-C3)alkylenedioxy, allyl, amino, co- alkylenesulfonic acid, 

carbamoyl, carboxy, carboxyalkyl (which alkyl can be substituted with 
alkyloxyimino), cycloalkyl, dialkylamino, halo, hydroxy, (C2-C6)hydroxyalkyl, 
mercapto, nitro, sulfamoyl, sulfonic acid, alkylsulfonyl, alkylsulfinyl, alkylthio, 
trifluoromethyl, morpholin-4-yl, thiomorpholin-4-yl, piperidin-l-yl, piperazin-1- 

25 yl, Ar {wherein, consistent with the rules of aromaticity, Ar is Ce or C10 aryl or a 

5- or 6-membered heteroaryl ring, wherein the 6-membered heteroaryl ring 
contains one to three atoms of N, and the 5-membered heteroaryl ring contains 
from one to three atoms of N or one atom of O or S and zero to two atoms of N, 
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each heteroaryl ring can be fused to a substituted benzene, pyridine, pyrimidine, 
pyridazine, or (1 ,2,3)triazine (wherein the ring fusion is at a carbon-carbon 
double bond of Ar)}, Ar-alkyl, ArO-, ArS0 2 -, ArSO-, ArS-, ArS0 2 NH-, ArNH, 
(N-Ar)(N-alkyl)N-, ArC(O)-, ArC(0)NH-, ArNH-C(O)-, and (N-Ar)(N-aIkyl)N- 
5 C(O)-, or together R| and R2 comprise methylenedioxy-; or 

2. together with their ring carbons form a C^- or C10- ary! fused ring; or 

3. together with their ring carbons form a C5-C7 fused cycloalkyl ring having up to 

two double bonds including a fused double bond of the containing group, which 
cycloalkyl ring can be substituted by one or more of the group consisting of alky 1, 
10 alkoxycarbonyl, amino, aminocarbonyl, carboxy, fluoro, or oxo; or 

□ 4. together with their ring carbons form a fused 5- or 6-membered heteroaryl ring, 

y wherein the 6-membered heteroaryl ring contains one to three atoms of N, and 

1: the 5-membered heteroaryl ring contains from one to three atoms of N or one 

n atom of O or S and zero to two atoms of N; or 

15 5, together with their ring carbons form a fused five to eight membered second 

heterocycle, wherein the fused heterocycle consists of ring atoms selected from 
the group consisting of carbon, nitrogen, oxygen, sulfur, and S(0) n , wherein n is 
1 or 2; 

b. R d is alkyl, alkenyl, hydrogen, or Ar; 
20 c. R c is 

1. oxo (when A 2,3 is not present), or (when A 2 ' 3 is present) hydrogen, alkyl, alkylthio, 
hydrogen, mercapto, amino, amino(Ci-C5)alkyl, amino(C 6 or Cio)aryl, or wherein 
the amino of the last three groups can be substituted with 

(a) Ar, 

25 (b) Ar-Z-, Ar-alkyl-Z-, Ar-Z-alkyl, Ar-amino-Z- 5 Ar-aminoalkyl-Z- ? or 

Ar-oxyalkyl-Z- , wherein Z is a carbonyl or -SO2- 

(c) formyl or alkanoyl, or 

(d) up to two alkyl, 

2. -NHC(0)(CH2) n -D-R e R f ? wherein D is oxygen, sulfur or nitrogen, wherein where 
30 D is nitrogen n is 0,1 or 2, but when D is oxygen or sulfur n=l or 2, and R f is 

present only when D is nitrogen, 
wherein 
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wherein E is sulfur, oxygen, or N-R s , and R g , R h and R' are 
independently the same as R a , R b and R d , respectively, 

(3) a C3-C8 cycloalkyl ring having up to one double bond with the proviso 
that the carbon linking the cyloalkyl ring to D is saturated, which 
cycloalkyl ring can be substituted by one or more alkyl-, 
alkoxycarbonyl-, amino-, aminocarbonyl-, carboxy-, fluoro-, or oxo- 
substituents; 

(4) a 5- or 6-membered heteroaryl ring containing at least one and up to 
three atoms of N for the 6-membered heteroaryl rings and from one to 
three atoms of N or one atom of O or S and zero to two atoms of N for 
the 5-membered heteroaryl rings; 

(5) hydrogen, (C2-C6)hydroxyalkyl, alkanoylalkyl, alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkoxyimino), alkoxycarbonyl, a group Ar* which is 
Cs- or C10- aryl or a 5- or 6-membered, or 9- or 1 O-membered 
heteroaryl (wherein the heteroatom is one oxygen, one sulfur or one 
nitrogen) or Ar^-alkyl; and 

(b) R f is independently hydrogen, (C2-C6)hydroxyalkyl, alkanoylalkyl, alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkyloxyimino), alkoxycarbonyl, Ar*, or Ar*— alkyl; 
wherein aryl, Ar, or Ar* can be substituted with, in addition to any substitutions 

specifically noted one or more substituents selected from the group of acylamino, 
acyloxyalkyl, alkanoyl, alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, 
alkoxycarbonylalkyl, alkyl, alkylamino, (Cl-C3)alkylenedioxy, alkylsulfonyl, 



(a) R e is 

(1) Ar, 

(2) a group of the formula 
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alkylsulfinyl, co-alkylenesulfonic acid, alkylthio, allyl, amino, ArC(O)-, 
ArC(0)NH-, carboxy, carboxyalkyl, cycloalkyl, dialkylamino, halo, 
trifluoromethyl, hydroxy, (C2-C6)hydroxyalkyl, mercapto, nitro, ArO-, Ar- 5 Ar- 
alkyl-, sulfamoyl, sulfonic acid, 1-pyrrolidinyl, 4-[C6 or C10]arylpiperazin-l-yl- ? 
5 4-[C6 or C10]arylpiperidin-l-yl, azetidin-l-yl, morpholin-4-yl, thiomorpholin-4- 

yl, piperazin-l-yl, piperidin-l-yl; and 
heterocycles, except those of Ar and Ar 4 *, can be substituted with in addition to any 

substitutions specifically noted one or more substituents selected from acylamino, 
alkanoyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, (CI to 
10 C3)alkylenedioxy, alkylamino, alkylsulfonyl, alkylsulfinyl, alkylthio, amino, 

ArC(O)-, ArO- ? Ar-, Ar-alkyl, carboxy, dialkylamino, fluoro, fluoroalkyl, 
difluoroalkyl, hydroxy, mercapto, oxo, sulfamoyl, trifluoromethyl, 4-[C 6 or 
Cio]arylpiperidin-l-yl and 4-[C 6 or Ci 0 ]arylpiperazin-l-yl; 
or a pharmaceutically acceptable salt of said compounds, 
15 with the proviso that where the compound of formula I is administered to 

decrease intraocular pressure at least one compound of formula I administered in 
effective amount is not a thiazole substituted on a ring carbon sulfonamide (the amide of 
which can be substituted) that has carbonic anhydrase inhibiting activity. 

20 17. A method of, in an animal, including a human, treating or ameliorating 

sickle cell disease comprising administering an effective amount of a compound of 
formula III: 




III 



25 wherein: 

X is nitrogen or sulfur, provided that R 4 is present only when X is nitrogen; 
the carbon 2 to nitrogen bond is a double bond except when R 3 is oxo; 
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the bond between carbons 4 and 5 is a single bond or a double bond; 
R 1 and R 2 

are independently hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl ? alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
5 substituted with alkyloxyimino), alkoxycarbonyl, a group Ar which is 

(C 6 -Cio) aryl or (C5-C9) heteroaryl (wherein the heteroatom is one 
oxygen, one sulfur or one nitrogen) or Ar-alkyl, or 
together with their ring carbons form a C6-C ]0 aromatic fused ring which can 
be substituted by one or more halo, amino, alkyl, sulfo, or sulfoalkyl, 
10 groups, or a C1-C3 alkylenedioxy group, with the proviso that when X is 

O nitrogen R 1 and R 2 do not form a C$ fused aromatic ring, or 

'■HI 

together with their ring carbons form a C5-C7 fused cycloalkyl or 

cycloalkenyl ring having up to two double bonds including a fused double 
Ul bond of the thiazole radical, which aliphatic ring can be substituted by one 

^ 15 or more amino, halo, alkyl, sulfo, sulfoalkyl, carboxy, carboxyalkyl, or 

■L„ oxo groups; 

R 4 is lower alkyl, lower alkenyl or Ar; and 

3 r3 is 

Q (a) when X is S, R 3 is hydrogen, oxo, alkyl, amino, amino(Ci-C5)alkyl or 

20 aminophenyl, wherein the amino of the latter three groups can be 

substituted with: 

(i) Ar, 

(ii) Ar-carbonyl, Ar-alkanoyl 5 Ar-carbonylalkyl, Ar-aminocarbonyl 
Ar-aminoalkanoyl or Ar-oxyalkanoyl or 

25 (iii) formyl or alkanoyl, 

(b) -NHC(0)(CH 2 ) n -Y-R 5 R 6 ? wherein Y is oxygen, sulfur or nitrogen, n is 0 
or 1, but n=l when Y is oxygen or sulfur, and R 6 is present only when Y 
is nitrogen, 
wherein R 5 is 
30 (i) Ar, 

(ii) a group of the formula 
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wherein R 7 , R 8 and R 9 are independently the same as R 1 , R 2 and 
R 4 , Z is sulfur or nitrogen, R 9 is present only when Z is nitrogen; 

(iii) a C 3 -C 8 cycloalkyl or cycloalkenyl ring having up to one double 
5 bond , which aliphatic ring can be substituted by one or more 

amino, halo, alkyl, sulfo, sulfoalkyl, carboxy, carboxyalkyl, or 
oxo groups; 

(iv) a 3 to 8-membered heterocyclic ring wherein the heteroatom is 
one oxygen, one sulfur or one nitrogen, which heterocyclic ring 

10 can be substituted by one or more amino, halo, alkyl, sulfo, 

sulfoalkyl, carboxy, carboxyalkyl, or oxo groups, 
(iv) hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl, alkyl, 

alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkyloxyimino), alkoxycarbonyl, a group Ar 

15 which is (C 6 -Cio) aryl or (C5-C9) heteroaryl (wherein the 

heteroatom is one oxygen, one sulfur or one nitrogen) or Ar- 
alkyl, 

and R 6 is independently hydrogen, hydroxyalkyl, (C2-C6)alkanoylalkyl, 
alkyl, alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
20 substituted with alkyloxyimino), alkoxycarbonyl, a group Ar which is 

(C6-C10) aryl or (C5-C9) heteroaryl (wherein the heteroatom is one 
oxygen, one sulfur or one nitrogen) or Ar-alkyl; 
wherein each group Ar can be substituted by one or more halo, amino, alkyl, alkoxy, 
alkoxycarbonyl, sulfo, or sulfoalkyl, groups, or a C1-C3 alkylenedioxy group, 
25 or a pharmaceutical^ acceptable salt of said compounds. 



18. A compound oS formula I or I A, 
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or 




H 
m 
m 
m 
■P 

I: 

□ 

H 
\± 

□ 



10 



15 



20 



25 



wherein: 

a. J is oxygen, sulfur, or N-R d ; 

b. the carbon 2 to nitrogen bond is a double/tond except when R c is oxo; 

c. the bond between carbons 4 and 5 is a sjfigle bond or a double bond; 

d. R a and R b are 

6. independently selected from hydrogen, acylamino, acyloxyalkyl, alkanoyl, 
alkanoylalkyl, alkenyl, alkoj£y>plkoxycarbonyl, alkoxycarbonylalkyl, alkyl, 
alkylamino, (Cl-C3)alk^ene^xy, allyl, amino, co- alkylenesulfonic acid, 



carbamoyl, carboxy, c; 
alkyloxyimino), cyclo4lk)|l,/dial 
mercapto, nitro, su 
trifluoromethyl, morpn 



| (which alkyl can be substituted with 
lamino, halo, hydroxy, (C2-C6)hydroxyalkyl, 
"onic acid, alkylsulfonyl, alkylsulfinyl, alkylthio, 
-yl, thiomorpholin-4-yl, piperidin-l-yl, piperazin-1- 



yl, Ar {wherein, consistoht with the rules of aromaticity, Ar is C 6 or Ci 0 aryl or a 
5- or 6-membered heterdaryl ring, wherein the 6-membered heteroaryl ring 
contains one to three atpms of N, and the 5-membered heteroaryl ring contains 
from one to three atomfs of N or one atom of O or S and zero to two atoms of N, 
each heteroaryl ring cAn be fused to a substituted benzene, pyridine, pyrimidine, 
pyridazine, or (l,2,3)triazine (wherein the ring fusion is at a carbon-carbon 
double bond of ArW, Ar-alkyl, ArO-, ArS0 2 - 5 ArSO, ArS-, ArS0 2 NH-, ArNH, 
(N-Ar)(N-alkyl)N-/ArC(0)- 5 ArC(0)NH-, ArNH-C(O)-, and (N-Ar)(N-alkyl)N- 
C(O)-, or together/Ri and R 2 comprise methylenedioxy-, wherein at least one of 
R a and R b is othetf than hydrogen; or 

2. together with theiy ring carbons form a C 6 - or Ci 0 - aryl fused ring; or 

3. together with theit ring carbons form a C 5 -C 7 fused cycloalkyl ring having up to 

two double bonfas including a fused double bond of the containing group, which 
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cycloalkyl ring can be substituted by| one or more of the group consisting of alkyl, 
alkoxycarbonyl, amino, aminocarboftyl, carboxy, fluoro, or oxo; or 

4. together with their ring carbons form a fused 5- or 6-membered heteroaryl ring, 

wherein the 6-membered heteroaryl ring contains one to three atoms of N, and 
the 5-membered heteroaryl ring corjtains from one to three atoms of N or one 
atom of O or S and zero to two atoihs of N; or 

5. together with their ring carbons form a fused five to eight membered second 

heterocycle, wherein the fused hetpocycle consists of ring atoms selected from 
the group consisting of carbon, nitrogen, oxygen, sulfur, and S(0) n , wherein n is 
1 or 2; 

b. R d is alkyl, alkenyl, hydrogen, or Ar; j 

c. R° is 

1. dialkylamino(Ci-C5)alkyl; or 

2. -NHC(0)(CH 2 ) n -D-R e R f , w ^hereifn D is oxygen, sulfur or nitrogen, wherein where 

D is nitrogen n is 0,1 oj^Tmif phen D is oxygen or sulfur n=l or 2, and R f is 
present only when D fs ^ltrog^n, 
wherein 
(a) R e is 

(1) Ar, 

(2) a group of the/fonjiula 



25 



R 9 



wherein E is sulliir, oxygen, or N-R* , and R g , R h and R' are 
independently the same as R a ? R b and R d , respectively, 
(3) a C3-C8 cycloalkyl ring having up to one double bond with the proviso 



that the carbon 
cycloalkyl ring 
alkoxycarbonyl 
substituents; 01 



inking the cyloalkyl ring to D is saturated, which 

an be substituted by one or more alkyl-, 

, amino-, aminocarbonyl-, carboxy-, fluoro-, or oxo- 
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(4) a 5- or 6-membered heteroaryl ring containing at least one and up to 
three atoms of N for the 6-membered heteroaryl rings and from one to 
three atoms of N or one atom o/OorS and zero to two atoms of N for 
the 5-membered heteroaryl rirfgs; or 
5 (5) hydrogen, (C2-C6)hydroxyaJfcyl, alkanoylalkyl, alkyl, 

alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkoxyimino), alkoxycarbonyl, a group Ar* which is 

or Cio- aryl or a 5- or/6-membered, or 9- or 10-membered 
heteroaryl (wherein the heteroatom is one oxygen, one sulfur or one 
10 nitrogen) or Ar^-alkyl/ and 

(b) R f is independently hydrogen, (C2-C6)hydroxyalkyl, alkanoylalkyl, alkyl, 
alkoxycarbonylalkyl, alkenyl, carboxyalkyl (which alkyl can be 
substituted with alkylo^yimino), alkoxycarbonyl, Ar*, or Ar*-alkyl; 
wherein aryl, Ar, or Ar* can be substituted with, in addition to any substitutions 
1 5 specifically noted one^r more substituents selected from the group of acylamino, 

acyloxyalkyl, alkanoyl, alkanoylalkyl, alkenyl, alkoxy, alkoxycarbonyl, 
alkoxycarbonylalkyl, aj!kylZfelk^ammo, (Cl-C3)alkylenedioxy, alkylsulfonyl, 
alkylsulfinyl, co-alkyMn^Silfonic acid, alkylthio, allyl, amino, ArC(O)-, 
ArC(0)NH-, carbWy, carboxyalk/l, cycloalkyl, dialkylamino, halo, 
20 trifluoromethyl, hydroxy, (C2-Qo)hydroxyalkyl, mercapto, nitro, ArO-, Ar-, Ar- 

alkyl-, sulfamoyl, sulfonic adid, 1 -pyrrolidinyl, 4-[C6 or C10]arylpiperazin-l-yl-, 
4-[C6 or C10]arylpipepdin-l-yl, azetidin-l-yl, morpholin-4-yl, thiomorpholin-4- 
yl, piperazin-l-yl, piperidin-l-yl; and 
heterocycles, except those of Ar and Ar*, can be substituted with in addition to any 
25 substitutions specifically noted one or more substituents selected from acylamino, 

alkanoyl, alkoxy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, (CI to 
C3)alkylenedioxy,/alkylamino, alkylsulfonyl, alkylsulfinyl, alkylthio, amino, 
ArC(O)-, ArO-, Ar-, Ar-alkyl, carboxy, dialkylamino, fluoro, fluoroalkyl, 
difluoroalkyl, hyaroxy, mercapto, oxo, sulfamoyl, trifluoromethyl, 4-[C6 or 
30 Cio]arylpiperidinf-l-yl and 4-[C& or Ciojarylpiperazin-l-yl. 



19. The compound of claim 18, wherein D is oxygen or sulfur. 
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20. The compound of claim 19, wperein R e is 

(1) Ar, 

(2) a group of the formula 

R 9 



R* 



wherein E is sulfur, oxygen, or N-R 1 , and R g , R h and R 1 are 
independently thk same as R a , R b and R d , respectively, 
(3) a C3-C8 cycloalkyl rang having up to one double bond with the proviso 




that the < 
cycloalk) 
alkoxyy 
substir 
(4) a 5- o( 

three atoms of] 
three atoms of] 



ng the cyloalkyl ring to D is saturated, which 
be substituted by one or more alkyl-, 
mo-, aminocarbonyl-, carboxy-, fluoro-, or oxo- 



eroaryl ring containing at least one and up to 
the 6-membered heteroaryl rings and from one to 
t one atom of O or S and zero to two atoms of N for 



the 5-membej?ed heteroaryl rings. 
21. A compound of formula I or IA, 

R a 



O- 




20 



wherein: 

a. J is sulfur; 

b. R a is hydroxyalkyl or afkyl omega-substituted with a tertiary amine which is dialkyl 
25 amine or (i) incorporated into a 5- or 6-membered heteroaryl ring, wherein the 6- 
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membered heteroaryl ring contains one to three atoms of N, and the 5-membered 
heteroaryl r^ig contains from one to three atoms of N or one atom of O or S and 
one to tfyt poms of N or (ii) incorporated into a 5- or 6-membered non-aromatic 
heteroc^dVjn n g having one to two ring nitrogens; and 
5 c. R D and R c £*e alkyl. 



22. A method of treating an indication of the invention comprising 
' administering an effective amount of a compound of claim 2 1 . 



10 



23. A compound of formula I or I A, 

R a 



or 




wherein: 
a. J is sulfur; 

15 b. the carbon 2 to nitrojg6n fcofed is a double bond; 

c. the bond between ^(arbojlls ft and 5 is a double bond; 

d. R a and R b are indepenaeorfy selefc^ed from hydrogen, acylamino, alkanoyl, 
alkanoylalk^H^koxy, alkoxydarbonyl, alkoxycarbonylalkyl, alkyl, (C2- 
C6)hydroxyalkyl, ripi ro, triflupromethyl, Ar -{wherein, Ar is Ce or Cio aryl}, or 

20 Ar-alkyl; and 

c. R c is alkyl omega-substitjited with a tertiary amine which is dialkyl amine or (i) 

incorporated into a i>- or 6-membered heteroaryl ring, wherein the 6-membered 
heteroaryl ring contains one to three atoms of N 5 and the 5-membered heteroaryl 
ring contains from one to three atoms of N or one atom of O or S and one to two 
25 atoms of N or (ii) ir corporated into a 5- or 6-membered non-aromatic 

heterocyclic ring he ving one to two ring nitrogens, 
wherein aryl can be substituted with one or more substituents selected from the group of 
acylamino, acyloxy alkyl, alkanoyl, alkanoylalkyl, alkenyl, alkoxy, 
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alkoxycarbonyl, alko^carbonylalkyl, alkyl, (Cl-C3)alkylenedioxy, alkylthio, 
allyl, carboxyalkyl,^icIo^lkyl, dialkylamino, halo, trifluoromethyl, hydroxy, 
(C2-C6)hydroxyalkyi^fTiercapto ? nitro, ArO-, Ar-, or Ar-alkyl-. 



24. A method of treating an indication of the invention comprising 
administering an effective amount of a compound of claim 23. 



25. A compound of formul/i I or I A, 

R a 



R< 




or 




wherein: 

a. J is sulfur; 

b. the carbon 2 to nitrog&i Wnd is a double bond; 

c. the bond between oirboi^4/ind 5 is a double bond; 

d. R a and R b are independ€M , 5^ e ^ te d from hydrogen, acylamino, alkanoyl, 
alkanoylalkyl^fltoKy, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, (C2- 

C6)hydroxyalkyl, pitro/^rifluoromethyl, Ar {wherein, Ar is C$ or Cio aryl}-, or 
Ar-alkyl; 

c. R c is (C2-Cs)alkyl onSga-substituted with halo, 

wherein aryl can be substituted with one or more substituents selected from the group of 
acylamino, acyioxyalkyl, alkanoyl, alkanoylalkyl, alkenyl, alkoxy, 
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, (Cl-C3)alkylenedioxy, alkylthio, 
allyl, carboxyalkyl, cycloalkyl, dialkylamino, halo, trifluoromethyl, hydroxy, 
(C2-C6)hydr©xyalkyl, mercapto, nitro, ArO, Ar-, or Ar-alkyl-. 



